Background and Purpose-Intravenous thrombolysis (IVT) for stroke seems to be beneficial independent of the underlying etiology. Whether this is also true for cervical artery dissection (CAD) is addressed in this study. Methods-We used the Swiss IVT databank to compare outcome and complications of IVT-treated patients with CAD with IVT-treated patients with other etiologies (non-CAD patients). Main outcome and complication measures were favorable 3-month outcome, intracranial cerebral hemorrhage, and recurrent ischemic stroke. Modified Rankin Scale score Յ1 at 3 months was considered favorable. Results-Fifty-five (5.2%) of 1062 IVT-treated patients had CAD. Patients with CAD were younger (median age 50 versus 70 years) but had similar median National Institutes of Health Stroke Scale scores (14 versus 13) and time to treatment (152.5 versus 156 minutes) as non-CAD patients. In the CAD group, 36% (20 of 55) had a favorable 3-month outcome compared with 44% (447 of 1007) non-CAD patients (OR, 0.72; 95% CI, 0.41 to 1.26), which was less favorable after adjustment for age, gender, and National Institutes of Health Stroke Scale score (OR, 0.50; 95% CI, 0.27 to 0.95; Pϭ0.03). Intracranial cerebral hemorrhages (asymptomatic, symptomatic, fatal) were equally frequent in CAD (14% [7%, 7%, 2%]) and non-CAD patients (14% [9%, 5%, 2%]; Pϭ0.99). Recurrent ischemic stroke occurred in 1.8% of patients with CAD and in 3.7% of non-CAD-patients (Pϭ0.71). Conclusion-IVT-treated patients with CAD do not recover as well as IVT-treated non-CAD patients. However, intracranial bleedings and recurrent ischemic strokes were equally frequent in both groups. Key Words: carotid artery Ⅲ cervical artery dissection Ⅲ complications Ⅲ dissection Ⅲ outcome Ⅲ thrombolysis I ntravenous thrombolysis (IVT) for acute ischemic stroke using recombinant tissue plasminogen activator has been shown to be safe and efficacious. 1,2 Treatment response seems to be independent of the underlying stroke mechanism. 3 However, whether this observation includes patients with strokes attributable to cervical artery dissection (CAD) has not been studied. CAD is characterized by intramural accumulation of blood. Theoretically, IVT might promote and increase the intramural bleeding in CAD and cause progressive hemodynamic worsening and infarct growth. In patients with stroke with aortic dissection extending to the cervical arteries, IVT might be dangerous as it is in patients with IVT for myocardial infarction. 4 -6 According to recent pilot data, the outcome of 7 IVT-treated patients with CAD tended to be worse than that of 7 patients with CAD not treated with IVT. 7 In turn, patients with CAD have not been excluded from randomized, placebo-controlled trials 1, 8, 9 of IVT in stroke. Treatment guidelines 10 do not advise against IVT in such patients, but randomized, placebo-controlled trial-based data about IVT versus placebo in patients with CAD are not available. Only information of case series without control groups and small sample sizes (ie, 30, 11 11, 12 6, 13 and 2 14 is available, which suggests low complications rates of IVT for patients with CAD. [11] [12] [13] [14] With these considerations in mind, we aimed at evaluating whether the variable "stroke etiology CAD" has a prognostic meaning in IVT-treated patients. Specifically, we analyzed and compared outcome and complications of CAD and non-CAD patients using pooled data of Swiss stroke centers.
I ntravenous thrombolysis (IVT) for acute ischemic stroke using recombinant tissue plasminogen activator has been shown to be safe and efficacious. 1, 2 Treatment response seems to be independent of the underlying stroke mechanism. 3 However, whether this observation includes patients with strokes attributable to cervical artery dissection (CAD) has not been studied. CAD is characterized by intramural accumulation of blood. Theoretically, IVT might promote and increase the intramural bleeding in CAD and cause progressive hemodynamic worsening and infarct growth. In patients with stroke with aortic dissection extending to the cervical arteries, IVT might be dangerous as it is in patients with IVT for myocardial infarction. 4 -6 According to recent pilot data, the outcome of 7 IVT-treated patients with CAD tended to be worse than that of 7 patients with CAD not treated with IVT. 7 In turn, patients with CAD have not been excluded from randomized, placebo-controlled trials 1, 8, 9 of IVT in stroke. Treatment guidelines 10 do not advise against IVT in such patients, but randomized, placebo-controlled trial-based data about IVT versus placebo in patients with CAD are not available. Only information of case series without control groups and small sample sizes (ie, 30, 11 11, 12 6, 13 and 2 14 is available, which suggests low complications rates of IVT for patients with CAD. [11] [12] [13] [14] With these considerations in mind, we aimed at evaluating whether the variable "stroke etiology CAD" has a prognostic meaning in IVT-treated patients. Specifically, we analyzed and compared outcome and complications of CAD and non-CAD patients using pooled data of Swiss stroke centers.
Methods
As a joint initiative of 9 stroke centers in Switzerland, we designed a study about the significance of CAD as an underlying stroke etiology in IVT-treated patients. All participating centers (5 university, 4 community hospitals) used IVT according to current guidelines. 10 None of the centers excluded patients with CAD.
Data were collected with a standardized form with predefined variables because it was also used in a previous study with similar methodology. 15 Local study investigators filled in the forms systematically using prospectively ascertained in-hospital stroke databases or thrombolysis registries. The completed forms of all centers were compiled in the coordinating center, Basel, where the analyses of the pooled data were performed.
The following variables were ascertained prospectively: age, gender, functional independence before thrombolysis, time to treatment, stroke severity as assessed by the National Institutes of Health Stroke Scale (NIHSS) score 16 (ascertained by certified raters), etiology according to the Trial of Org 10172 in Acute Treatment (TOAST) criteria, 17 vascular risk factors according to predefined criteria, blood pressure, temperature, and blood glucose level obtained before IVT. 15 Functional outcome was assessed by outpatient visits or telephone calls using the modified Rankin Scale (mRS) at 3 months. Patients who died during follow-up were given a mRS score of 6. Patients without 3-month outcome were excluded. All intracranial hemorrhages (ICHs) were ascertained on follow-up CT or MRI obtained within 72 hours after IVT and additional scans in case of clinical deterioration. Applying the National Institute of Neurological Diseases and Stroke criteria, 1 symptomatic ICH was defined as any CT/MRI-documented ICH temporally related to any deterioration in the patient's clinical condition. Fatal hemorrhage was defined as any symptomatic ICH leading to death.
Each center reported on the period for which they had prospectively ascertained data on consecutive patients up to December 31, 2007. The Appendix provides detailed data about the number of patients and the study period for each center.
For the current study, all IVT-treated patients with stroke were categorized according to the underlying etiology 17 as CAD and non-CAD patients. In general, the etiologic diagnoses were established after IVT.
The investigators of the local study centers were asked to reappraise the etiologic diagnoses of CAD by applying at least one of the following widely accepted diagnostic criteria 18 -20 : (1) mural hematoma visible on MRI or CT; (2) a nonatherosclerotic string-like stenosis or a tapered, flame-shaped arterial occlusion, which shows after recanalization a pseudoaneurysm or a long filiform stenosis, or a double lumen; or (3) intimal flap visible on carotid ultrasound. To prevent false-positive inclusions in the CAD group, patients with just suspected CAD, thus not meeting the aforementioned criteria, were excluded. Patients with solely intracranial dissections were excluded, because it is still under debate whether CAD and intracranial dissections can be regarded as one entity. The non-CAD patients group included all patients with stroke causes other than CAD.
Outcome measures were (1) favorable 3-month outcome; and (2) death of all causes. Complication measures were (1) ICH (asymptomatic, symptomatic, fatal) 1 ; and (2) recurrent ischemic stroke within 3 months.
Statistical Analysis
After data pooling, comparisons of CAD and non-CAD patients were done using t and 2 tests. Data were given as mean and SD or median with interquartile range where appropriate. The prognostic importance of the variable "CAD" was estimated by calculating ORs with 95% CIs for each outcome and complication variable. In a second step, the OR for favorable 3-month outcome was adjusted for age, 21, 22 gender, 22 and NIHSS scores 22, 23 by multivariable regression analysis.
Results

Study Population
One thousand sixty-two (98%) of 1085 IVT-treated patients were eligible for this study.
Nineteen patients (1.8%) were lost to follow-up; all of them belonged to the non-CAD group. Three patients with pure intracranial dissection were excluded. (Two patients had mRS scores Յ1, one patient had mRS 2 at 3 months.) One patient with intraluminal thrombus and suspected CAD was excluded, because he did not adhere to the aforementioned diagnostic criteria. Among study patients, CAD was the underlying etiology in 55 (5.2%) of them. Fifty-two of 55 patients with CAD (94.5%) had internal carotid artery and 3 (5.5%) vertebral artery dissections. In the non-CAD group, cardioembolism was the most frequent etiology (47%; Table 1 ).
Extracranial arterial occlusion was present in 89.6% (26 of 29) of the patients with CAD of whom information about arterial patency was available. Twelve of them (46.2%) had accompanying intracranial occlusions (ie, tandem occlusions).
CAD-Versus Non-CAD Patients
Baseline Characteristics
Patients with CAD were younger than non-CAD patients with a median age (interquartile range) of 50 years (43 to 57) versus 70 years (57 to 77). NIHSS scores (median 14 versus 13), median time to treatment (150 versus 156 minutes), and gender ratios (66% versus 61% males) were similar in both groups. Hypertension, hypercholesterolemia, and coronary artery disease were more frequent among non-CAD than among CAD patients (PϽ0.05; Table 1 ).
Outcome and Complications
In the CAD group, 5.5% (3 of 55) died within 3 months compared with 10.8% (109 of 1007) non-CAD patients (Pϭ0.22). After 3 months, 36% (20 of 55) of the patients with CAD and 44% (447 of 1007) of the non-CAD patients had recovered to mRSՅ1 (OR, 0.72; 95% CI, 0.41 to 1.26; Pϭ0.25) . If the CAD group was compared with the subgroup of non-CAD patients with the same upper age limit (nϭ650; ie, all non-CAD patients who are older than the oldest patient with CAD were excluded), the OR for a favorable outcome was 0.57 (95% CI, 0.32 to 1.01; Pϭ0.05). Compared with patients with cardioembolic etiology (nϭ217) within this subgroup, the CAD group had an OR of 0.68 (95% CI, 0.36 to 1.26; Pϭ0.22) for recovery to mRSՅ1 at 3 months. Two of the 3 patients with vertebral artery dissections (ie, 66% with 95% CI 9% to 99%) and 18 of the 52 patients (ie, 35% with 95% CI 22% to 49%) with dissections of the internal carotid artery had mRSՅ1. The rate of ICH (asymptomatic, symptomatic, fatal) did not differ between CAD (7%, 7%, 2%) and non-CAD patients (9%, 5%, 2%; Pϭ0.99). Among patients with symptomatic ICH, the NIHSS scores did not differ between the CAD group (mean NIHSS score 13.3Ϯ6.6) and the non-CAD group (15.5Ϯ5.2; Pϭ0.5). Recurrent ischemic events occurred in one of the patients with CAD (1.8%) versus 24 of the 649 non-CAD patients (3.7%) for whom this information was available (Pϭ0.71; Table 2 ).
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After adjustment for age, gender, and NIHSS score, the OR to recover to mRSՅ1 was 0.50 (95% CI, 0.27 to 0.95; Pϭ0.030) for patients with CAD compared with non-CAD patients (Table 3) .
Discussion
The Swiss multicenter study comprises the largest IVTtreated CAD cohort studied so far. By comparing IVT-treated patients with CAD with IVT-treated patients with a different underlying etiology, the following main findings were obtained: (1) IVT-treated patients with CAD had lower chances to recover favorably than IVT-treated non-CAD patients; and (2) the lower recovery rate was not caused by different intracranial bleeding or recurrent stroke rates between the 2 groups.
Only 36% of the IVT-treated patients with CAD did have a favorable outcome, that is, mRSՅ1 after 3 months, which is in line with results obtained in smaller series (2 of 6, 13 4 of 11, 12 and 12 of 33 11 ). The rate is slightly lower than that of the European Cooperative Acute Stroke Study (ECASS) (3-hour cohort; 40%), 8 and the National Institute of Neurological Diseases and Stroke trial 1 (39%), in which patients had comparable stroke severity to that of the current CAD cohort (median NIHSSϭ13, 8 14, 1 to 14 [our study]). With regard to the considerably younger mean age of the latter (10 to 15 years younger), this finding is striking.
Several open series of patients with CAD reported a rate of approximately 80% of neither dead nor dependent patients with CAD 24 ; three fourths of the survivors were considered to have a "fairly good prognosis." 25 Differing eligibility criteria (inclusion of transient ischemic attack and nonischemic CAD symptoms) for the majority of these open series do, however, not allow for a one-to-one comparison with the current study and its less favorable outcome.
Adjustment for age, gender, and stroke severity entailed a statistically significant worse outcome for patients with CAD compared with non-CAD patients. This finding was somewhat surprising, because vascular risk factors, which one would expect to be associated with a less favorable outcome, were more frequent in non-CAD patients than in patients with CAD. Because the risk of ICH and the rate of recurrent stroke between CAD and non-CAD patients did not differ, the lower recovery rate of the patients with CAD cannot be ascribed to them. The rate of symptomatic ICH was similar to those reported in the National Institute of Neurological Diseases and Stroke (ie, 6.4%) 1 and the ECASS-3 (ie, 7.9%) 9 studies adhering to the same definition.
Ninety percent of the patients with CAD had occlusion of the dissected cervical artery before IVT. Thus, the theoretical concern that IVT could cause progression from stenotic CAD to occlusive CAD by promoting intramural bleeding proved inappropriate for the majority of patients with CAD.
A cohort of internal carotid dissections not treated with IVT 19 showed differences in lesion size between patients with occlusive dissections compared with those with stenotic dissections. Because the first group of patients had larger ischemic lesions, the high rate of occlusive CAD in our study may be an important prognostic variable. In IVT-treated populations of miscellaneous stroke etiologies, internal carotid artery occlusion was a negative prognostic factor. 26 In the current cohort, half of the patients with occlusive CAD had tandem occlusions, which is an independent predictor of unfavorable outcome after IVT in general. 27 In IVT-treated patients with CAD, the prognostic significance of arterial occlusions deserves further testing. Important limitations of this study are due to the nonavailability of data on recanalization rates as prognostic variable 28 or data on vessel patency for non-CAD patients. This disallowed us to study whether the high rate of arterial occlusions in the CAD group may be responsible for the lower recovery rate. In addition, data on medication before IVT (eg, statins, antihypertensive, or antiplatelet treatment) were not systematically collected in all centers contributing to the databank. Therefore, we cannot exclude confounding of the primary result of a worse functional outcome after IVT in patients with CAD by differences in pre-existing medication. Moreover, the lower recovery rate of IVT-treated patients with CAD in our study might erroneously lead to the questioning of any beneficial effect of IVT in patients with CAD at all. Yet, the lower recovery rate was not obtained by comparing IVT-treated patients with CAD with non-IVT-treated patients with CAD, but with IVT-treated non-CAD patients. In fact, the absence of excessive complications in patients with CAD compared with non-CAD patients suggests a certain safety of the IVT treatment also in patients with CAD.
As another limitation, most IVT-treated patients with CAD had internal carotid artery dissections rather than vertebral artery dissections. Thus, our observation of reduced recovery chances is based on patients with primarily internal carotid artery dissections. In how far this statement is also valid for the small number of patients with vertebral artery dissections is less clear.
The exclusion of intracranial dissections is debatable. Interestingly, the inclusion of these cases would have not altered our results substantially (ie, OR CADϩintracranial dissections for favorable 3-month outcomeϭ0.51; 95% CI, 0.28 to 0.96 as compared with OR CAD ϭ0.50; 95% CI, 0.27 to 0.95).
In conclusion, IVT-treated patients with CAD do not recover as well as IVT-treated non-CAD patients. However, intracranial bleedings and recurrent ischemic strokes were equally frequent in both groups. They do not account for different outcomes and indicate that IVT can be used safely for patients with CAD. *Favorable outcome was defined as mRSՅ1. †Data about ICH were missing in 27 patients (2.5%); all were non-CAD patients. ‡Symptomatic intracranial hemorrhage was defined as any CT/MRI-documented hemorrhage that was temporally related to any deterioration in the patient's clinical condition. 1 §Fatal hemorrhage was defined as any symptomatic intracranial hemorrhage leading to death. 
